Skeletal Syndromes Associated with
Arachnodactyly In 1896 Antoine Marfan described a musculoskeletal disorder in a 5-year-old girl producing excessive lengthening and slenderness of the arms and legs. The fingers were flexed by fibrous contractures and resembled the legs of a spider. He called the condition "dolichostenomelie" (long narrow limbs). Mery and Babonneix (1902) , in a later report on the same patient, described the development of further skeletal defects, namely, a funnel chest, outward splaying of the lower ribs, and a marked dorsal kyphoscoliosis. Achard (1902) found a somewhat different skeletal picture in his patient. Although the fingers were excessively slender, they were virtually normal in length and hypermobile. He suggested the name arachnodactyly.
The classical triad of arachnodactyly, cardiac and ocular abnormalities, which constitutes Marfan's syndrome, was not fully described until some years later. Cardiac abnormalities were related to the syndrome by Salle (1912) and congenital eye defects by Boerger (1914) . Recent estimates of the incidence of cardiovascular changes vary from 17-5 % (Sinclair, 1958) to 65 % (Lynas, 1958) , depending on the criteria adopted for the diagnosis of arachnodactyly and the source of the material. Similarly, the incidence of ocular defects varies from 45-% (Sinclair, 1958) to about 75% (Ross, 1949) . These differences reflect a tendency for patients with milder degrees of arachnodactyly to be referred to rheumatic or orthopaedic clinics with skeletal defects only, while the more severe forms present at cardiac or ophthalmic clinics. Family surveys of patients, with the complete syndrome indicate the inheritance of a single irregular dominant autosomal gene. Incomplete forms of the syndrome (formes frustes) are often found amongst other members of the family. There is some evidence that the gene for Marfan's syndrome may produce more severe results in a subject of asthenic type; on the other hand, mating with a partner of pyknotic build may result in less marked changes in the offspring (Lynas, 1958) .
The only consistent pathological finding in JULY Marfan's syndrome is a degeneration in the walls of the aorta and pulmonary artery with necrosis and fragmentation of elastic fibres, disorganization of smooth muscle fibres and the appearance of cystic areas rich in mucopolysaccharides. McKusick (1956) suggested that the basic disorder is a constitutional inadequacy of the elastic fibres. Methods of Estimating Arachnodactyly Achard (1902) was the first to investigate arachnodactyly using measurements of radiographs of the hands. He found that the metacarpals, and the proximal and middle phalanges were of normal length, but that measurements of the width of the phalanges in arachnodactyly showed a definite slenderness of the middle of the shafts of these bones. In contrast, the epiphyses were normal in width, resulting in a knobbly appearance of the corresponding joints. He also noted that the distal phalanges were elongated but this is not a constant finding. Sinclair (1960) has recently devised a method of estimating the relative slenderness of the metacarpal bones from measurements of radiographs by means of the metacarpal index (see Fig. 1 ). The relative slenderness of one metacarpal is estimated by measuring the length of the metacarpal and dividing this by the breadth of the metacarpal at the exact midpoint. The metacarpal index is estimated by averaging the relative slenderness of the 2nd, 3rd, 4th and 5th metacarpals.
I have found that the phalangeal index for the ring finger is the most likely to be abnormal in arachnodactyly, and have therefore selected this index for the purpose of this paper. The ph'alangeal index for any one proximal phalanx the minimal width of the shaft. The measurements were made with a Perspex ruler with estimates of the length of the bones to the nearest millimetre and width to the nearest half millimetre.
Measurements of the Normal Hand
Postero-anterior radiographs of both hands were done on a consecutive series of patients aged 21 to 45 years attending for the first time the physical medicine outpatient clinics of the Durham group of hospitals. The range of passive hyperextension of the metacarpal phalangeal joints was also recorded. This survey is not yet complete, but to date readings for 26 men and 53 women are available (see Table I ). Both the metacarpals and phalanges are distinctly more slender in women than in men. In addition, there is a slight tendency for the bones of the left hand to be more slender than those of the right in both sexes.
Measurements of the Hand in Marfan's Syndrome
There is a slight overlap in the range of bone measurements of the normal hand and in Marfan's syndrome. In one female patient with the complete syndrome the metacarpal index was 8-7 (right hand) and 8-6 (left hand), and the phalangeal index for the ring finger, 5-8 (right hand) and 5 4 (left hand). Only the phaiangeal index for the right ring finger was above the normal range. This patient also showed a reversal of the usual tendency of the bone FIG. 3.-Marfan's syndrome: slender metatarsals and metatarsus quintus valgus. indices to be higher in the left hand than the right. Several other abnormalities were also more pronounced on the right side of the body including recurrent subluxation of the patella and ankle-joint, metatarsalgia associated with increased slenderness of the metatarsals in the right foot and ligament laxity (Fig. 3 ), and the eye changes. The cardiac lesion presented as a dilatation of the ascending aorta observed on screening. The lengths of the metacarpals and phalanges corresponded to those of a normal person of the same height. Patients with severe cardiac lesions usually show more marked arachnodactyly with increased lengths of the metacarpals and phalanges beyond the normal range and a metacarpal index up to 11 (Sinclair, 1960 (1903) abnormalities of conchm .
. Thomas (1914) FIG was similar to Achard's description, with the following differences from the classical skeletal changes in Marfan's syndrome:
(1) The skull is broad, brachycephalic (cephalic index=83-5) and contrasts strangely with the smallness of the lower part of the face and mandible (Fig. 4 ). X-rays show an abnormally small mandible (Figs. 5 and 6).
(2) Bone changes are confined entirely to the hands and feet in spite of well-marked arachnodactyly (metacarpal index 10-6, right; phalangeal index for right ring finger 6-8). The span (64 in.-162 5 cm) is less than the height (65 in.-165 cm).
(3) Ligament laxity is also confined to the hands and feet. The length of the infrapatellar tendon lesion is within normal range (Booth et al., 1957) .
(4) The muscles are well developed, the maximal calf circumference being 141 in. (37 cm).
There is abundant subcutaneous fat especially around the joints. I was unable to discover any ocular or cardiac abnormalities in this patient, but Calmettes et al. (1955) report a similar case with ventricular septal defect and bilateral lens dislocations. They also describe a patient with brachydactylia, lens dislocation and a similar mandibulofacial dysostosis, and remark on the similarity between the two syndromes. Lambie et al. (1950) suggest that such variations in the skeletal picture are due to disturbances of genetically determined time factors, concerned with the orderly sequence of growth of mesenchymal tissues.
Status Bonnevie-Ullrich and osteogenesis imperfecta.-It may seem strange to include two conditions in which the metacarpals and phalanges are shorter than normal in a discussion of arachnodactyly. In both these conditions, however, some of the bone measurements indicate the presence of the excessive slenderness of the shafts, characteristic of arachnodactyly. Ligament laxity also occurs in these syndromes and may be linked with the bone slenderness. In status Bonnevie-Ullrich many of the skeletal changes are common to Turner's syndrome, including webbing of the neck, but gonadal dysgenesis is absent (Zorab and Jackson, 1955; Ginorio, 1956 ). Achard's syndrome may form a link between the long-finger and short-finger syndromes, suggesting that these disorders may be closely associated on a genetic basis1.
Conclusions
Although the classical triad of Marfan's syndrome is rare, mnodified forms presenting with skeletal deformities are relatively common. The distinction between these patients and normal patients with long fingers is often difficult, since UIn this connexion Bowers (1959) has described the occurrence of patients with the Weill-Marchesani syndrome in a family exhibiting the Marfan trait. ligament laxity and spinal deformities occur in both groups. The metacarpal and phalangeal indices are of value in deciding whether a congenital mesodermal dystrophy is present.
The syndrome is likely to become more common as a greater number of patients survive into adult life with improved medical care. Patients with the modified forms are potential carriers of genes, which may be responsible for congenital heart disease and congenital eye lesions in their offspring. The bone indices may help in determining whether a case of congenital heart disease with arachnodactyly has arisen de novo as a mutation, or has been inherited from one of the parents. In the latter case other members of the family may be affected.
Dr. C. D. Calnan (London):
Klemperer and his colleagues coined the term "diffuse collagen disease" as a title for their paper (Klemperer et al., 1942) , in which they suggested that scleroderma and systemic lupus erythematosus be regarded as primary affections of the connective tissue. The concept of collagen disease rapidly spread and became an acceptable diagnostic label. Klemperer's original purpose had been to focus attention on collagen and connective tissue in the pathogenesis of disease, and in 1950 he warned "the impatience of clinical investigators and a peculiar worship of diagnostic terms have led to an exaggerated popularity of the diagnosis of Collagen Disease. There is a danger that it may become a catch-all term for maladies with puzzling clinical and anatomical features. It is not a term applicable to diagnosis and certainly does not define the morbid process of the diseases grouped together". This paper is principally concerned with the dermatological manifestations and pathogenetic processes of heritable connective tissue disorders. Marfan's disease has been fully discussed by Dr. Parish (1960) . Apart from the skeletal and cardiovascular changes, gynrcomastia and a relative lack of subcutaneous fat may be noted, but the skin is otherwise normal. In one patient (Storck, 1952; Haber, 1959 ) a peculiar (probably congenital) localized anomaly of elastic tissue was present on the neckelastoma intrapapillare perforans verruciforme, sometimes referred to as Miescher's elastoma. The nature and etiology of the latter condition is unknown, but one patient with it subsequently died of a dissecting aneurysm of the aorta (Anning, 1958) , which suggests that there may be an associated abnormality of the elastica of blood vessels. The most fascinating aspect of the Marfan syndrome, however, is the finding that similar skeletal changes and dissecting aortic aneurysm can-be produced experimentally in rats fed with , (yL-glutamyl) aminoproprionitrile, found in the seed of Lathyrus odoratus (Ponseti and Baird, 1952) .
In osteogenesis imperfecta the skin is thin and superficial vessels are visible. Blue sclerotics, gaping scars after trauma, and occasionally purpura are other features. Blegvad and Haxthausen (1921) described a case associated with macular atrophy of the skin and a zonular cataract. The connective tissue defect in this disorder is thought to be a failure of maturation and organization of collagen, although the shrinkage temperature coefficient of collagen in the skin is normal (Follis, 1953) .
Cutaneous changes are not a prominent feature of the Hurler syndrome (gargoylism, lipochondrodystrophy), although the skin tends to be rough and coarse and an excess of lanugo (hypertrichosis lanuginosa) mnay be seen. There is no unanimity as to whether this syndrome should be regarded as a disorder of collagen, mucopolysaccharide, or lipoid.
Pseudoxanthoma elasticum, like lupus erythematosus and scleroderma, is now recognized as a systemic disorder with prominent presenting manifestations in the skin.
The abnormality rarely reveals itself before puberty; the case reported by Wolff et al. (1952) is a notable exception. In the early stages and in mild cases it is easy to miss the skin lesions. The abnormal patches of skin are smooth, but comprise aggregations of pale yellowish or biscuit coloured soft flat papules. In more marked examples the normal lines of the skin are very prominent, as though thrown up in relief, and, the clinical appearance imitates that of the senile, solar, or so-called sailors' skin, although the pathology is different. In more severe cases the skin becomes loose and folded, somnetimes to a remarkable degree. The sites of election are the back and sides of the neck, axillk, groins, knee and elbow flexures, and around the umbilicus; occasionally it is very extensive over the whole neck, abdomen, and large areas of the trunk and limbs; mucosme may be involved. The histology of the skin lesion is diagnostic, but in mild cases very. careful examination of the slides is required. In a hlmatoxylin and eosin section the changes may pass unnoticed, but stains for elastic tissue will reveal localized areas of disorder and fragmnentation of the elastica; and a von Kossa stain shows a surprising amount of calcium deposition iii the areas. Rarely is this calcium evident clinically or radiographically, although Gold (1951) described a patient whose lesions ulcerated and discharged the calcium (and who incidentally suffered from Still's disease). The deposit appears to be purely a secondary imbibition by the abnormal elastic fibres since no change in systemic calcium metabolism is detected. It is probably analogous to deposits in degenerative vascular disorders (atherosclerosis, Monkeberg's sclerosis).
Although present in a case described by Chauffard (1889) the close association of eye changes with the skin was first emphasized by Gronblad (ophthalmologist) and Strandberg (dermatologist) in 1929, and the condition is often referred to as the Gronblad-Strandberg syndrome. Ocular lesions are of two types, angioid streaks and a choroidoretinitis. The former are diagnostic; they are wider than the retinal vessels; paler, but radiate out like the vessels. The choroidoretinitis exudate and organizing hlmorrhages are less specific but are the cause of ocular symptoms, usually deterioration of vision. Little is known of the pathogenesis of the eye changes, although the angioid streaks are probably caused by breaches in the elastic lamina of Bruch's membrane, and the choroidoretinitis is considered secondary to a vascular lesion.
Most recent interest in pseudoxanthoma elasticum, however, centres round the evidence of a generalized defect of the elastica of blood vessels. Numerous examples of haemorrhage from the gastro-intestinal tract, lungs and uterus, besides other organs, are now known, even though their significance may not have been appreciated at the time. Spontaneous heemarthrosis may occur. Peripheral arteries in the limbs are also involved -a fact which may have diagnostic significance, even if symptoms such as intermittent claudication are rare. Carlborg (1944) found a reduced pulse wave in 14 out of 51 affected patients. Dimninution or absence of a dicrotic notch may be very striking, and it makes one feel that oscillography should be used more frequently by the clinician. It is possible that this particular abnormality of the elastica of vessels may be responsible for some examples of unexplained hmmoptysis, hxematuria, mTenorrhagia, and gastro-intestinal haemorrhage in the absence of skin or eye lesions. In one of two children with gastric bleeding described by Edwards (1959) , the skin, on careful scrutiny by a dermatologist (Marten, 1960) , showed no clinical lesions of pseudoxanthoma elasticum. Biopsies from the skin of the neck and axilla however, showed deposition of calcium around elastic fibres which were a little fragmented. In another patient, a pulmonary lobe removed because of hxmoptysis revealed vascular changes identical to those found in pseudoxanthoma (Marten, 1960) .
Professor K. R. Hill has found vascular lesions with similar histology in the horse and some other animals. In the horse plaques of the abnormal tissue are seen on the surface of the endocardium and aorta, and it is interesting to remember that the first case of pseudoxanthoma described (Balzer, 1884) showed, at autopsy, such patches on the atrial and ventricular endocardium and pericardium. McKusick (1956) also has recorded such cardiac lesions, and Hill (1959) has found them in the atrium and arteries of a patient who died following hlmorrhage from a gastric ulcer, but without known evidence of pseudoxanthoma. A special awareness of these changes on the part of morbid anatomists may prove rewarding.
The controversy over whether pseudoxanthoma elasticum represents a disorder of collagen or elastic tissue illustrates the inadequacy of our present techniques. Tunbridge et al. (1952) believe that the differences between collagen and elastica may be more apparent than real, since they found that the dystrophic fibres in pseudoxanthoma have the electron microscopic appearances of collagen.
It is accepted that fibres with the tinctorial properties of elastica may not necessarily be elastic tissue, the classic example being the common senile or solar elastosis seen in the upper parts of the dermis. Many workers, however. state that collagen fibres are normal in pseudoxanthoma, and that the abnormal fibres are specifically removed by elastase (Findlay, 1954; Moran and Lansing, 1958) . It is essential to have as pure a preparation of the enzyme as possible, and to show that it has no action on collagen. No views have yet been advanced as to the precise defect in these patients' elastic tissue responsible for its weakness.
The Ehlers-Danlos syndrome or cutis hyperelastica is, again, a disorder which is now attracting the attention of many physicians other than dermatologists. It is a congenital and familial mesenchymal dysplasia, the principal features of which are hyperelasticity of the skin, hyperextensibility of joints, and skin friability giving rise to atrophic papyraceous scars after trauma, especially over prominences such as the knees, elbows, and knuckles. Important lesser characteristics are molluscoid cyst-like tumours of connective tissue, and small dermal nodules or spherules consisting of fat, which may become calcified (Weber and Atkinson, 1938 ). An additional association is purpura and bruising, symbols of the defective vascular elastic tissue. They may even be presenting features in minor or incomplete examples of this syndrome (Sneddon, 1957) . Meara (1958) described such a patient, who also had a lesion of another congenital dystrophy of elastic tissue, Miescher's elastoma perforans verruciforme (referred to above). A variety of internal lesions have been described in Ehlers-Danlos patients, such as diaphragmatic hernia and eventration, dissecting aortic aneurysm, spon--taneous lung rupture, and gastro-intestinal diverticula.
There is no characteristic or accepted histological change in the skin or other organs to account for this disorder. Examination of the skin with the light microscope and electron microscope have not revealed any gross abnormalities of the collagen or elastic tissue. Jansen (1955) has put forward the most attractive hypothesis for the pathogenesis at the present time. He says that the connective tissue fibres are normal biochemically at the molecular level, but that their arrangement at the biomolecular level, i.e. their organisation into adult tissue, is abnormal. He described it as "defective wickerwork" of collagen, although the elastic tissue is probably normal. What mechanisms are responsible for the organisation of tissue are not known; they may or may not be enzymic. An unconfirmed observation is the finding in two patients with Ehlers-Danlos syndrome of a greatly increased concentration of normal serum elastase inhibitor (Hall et al., 1955) . McKusick (1956) lists other conditions which he regards as possible or probable heritable anomalies of connective tissue. A few are of dermatological interest such as neurofibromatosis, epidermolysis bullosa, mastocytosis (urticaria pigmentosa), Miescher's elastoma, connective tissue nwvus (cobblestone or pavement nwvus), and adenoma sebaceum (epiloia or tuberous sclerosis). The abnormality in epidermolysis bullosa is a weakness of epidermodermal adhesion. Gentle heat or repeated stretching can break this junction, but separation can also be readily achieved with elastase (or crude trypsin containing elastase). This suggests that the sub-epidermal garland of elastic fibres is the main adhesive agent between dermis and epidermis, and it is possible that these fibres are congenitally weak in patients with epidermolysis bullosa. The defect would be qualitative rather than quantitative, since histological examination shows substantially normal tissue. No internal connective tissue changes are associated with it.
Localized congenital and familial connective tissue naevus in the skin is recognizable as a morphologically abnormal area of skin, but frequently no abnormality of the dermnal tissues can be detected histologically. A more widespread form of it has been described as "collagenome eruptif" (Duverne et al., 1955; Lowenthal, 1957; Calnan and Haber, 1958 ). These conditions have been inadequately studied to date, but they offer a ready source of material. The same is true of adenoma sebaceum (epiloia). This name is an unfortunate misnomer, and distracts from the essential defect. Almost all patients with this heritable disorder show some sign of a connective tissue nevus (the so-called shagreen patch) over the lumbar area. The whole syndrome may be regarded as a con-nective tissue abnormality, whether the lesions are in the skin, the eyes, the, brain, or in internal organs.
The most striking feature which all these disorders have in common is a qualitative defect in connective tissue. There is little or no evidence that the abnormality is in the molecular structure or microscopic appearances; rather it appears to be in between, at the biomolecular level, in the organization and arrangement of macromolecules into tissue. Professor W. T. Astbury of Leeds has pioneered this field of research. Problems of connective tissue have something in common with keratin; they both belong to the K-E-M-F group of fibrous proteins, widely utilized throughout the animal kingdom. Defects in organization of keratin at the biomolecular level are probably responsible for psoriasis and ichthyosis. Swanbeck (1959) has produced biophysical evidence that in ichthyosis the bundles of 5-10 tonofilaments are aggregated into two or three small, instead -of a single large, keratin fibril of 250 Angstrom units; in psoriasis the aggregation of tonofilaments has completely failed. Variations in the organizational arrangement of keratin fibrils determine the difference in types of scalp hair in man as much as that of wool in sheep. The growth pattern of the curly hair of the negro or of ingrowing hairs on the male beard cannot be altered pernanently. The hair follicles can only produce one particular type of hair. Wool research workers have made great advances in this field and revealed the structural differences between ordinary and angora wool, and have a fairly complete understanding of how keratin molecules are compounded into definitive bundles.
Analogous contributions have been made by the leather industry on the structure of collagen.
Knowledge of the complete amino-acid sequence in the structure of collagen, the details of the organization of collagen molecules into fibrils and bundles and the tissue culture of abnormal connective tissue are three promising lines of research into the problems of the heritable disorders of connective tissue.
There must be few tissues in the body which are not liable to be affected adversely on occasion by genetically determined defects. In this respect, the connective tissues excel for there is scarcely a disease of this system in which some evidence of increased familial incidence has not been reported.
Rheumatoid Arthritis
In rheumatoid arthritis, there is evidence of an increased familial incidence of clinical disease from a number of studies (Short et al., 1952; Stecher et al., 1952; Lewis-Faning, 1950; Miall, 1955; Neri, Serneri and Bartoli, 1956) . The prevalence varies greatly in different studies but the female relatives always have more than the males.
When, however, a random population sample is examined for clinical, radiological and serological evidence of rheumatoid arthritis, a curious fact emerges: whereas clinical evidence of the disease is two-and-a-half times as common in females, radiological and serological evidence shows no sex difference (Kellgren and Lawrence, 1956) . This is because females more often have clinical disease without the other two features and males more often have radiological changes or a positive sheep-cell agglutination test without clinical evidence of the disease.
If now the families of persons with either clinical disease or a positive sheep-cell agglutination test or both are examined (Lawrence and Ball, 1958) , certain familial differences emerge. Members of the sero-positive families more often have a positive sheep-cell agglutination test than the controls, no matter whether the propositus had clinical rheumatoid arthritis or not, but members of the sero-negative families have no more positive sheep-cell tests than the controls. Clinical disease on the other hand, is more common in the families of propositi with clinical disease regardless of whether the propositi were sero-positive or sero-negative, but the families of those without clinical disease have roughly the same amount as the controls. A similar pattern has been observed by Bremner et al. (1959) in a family study in Edinburgh.
Of 17 spouses of rheumatoid subjects in the study of Lawrence and Ball, none had clinical or radiological evidence of the disease and only one had a positive sheep-cell agglutination test, no more than would be expected by chance. Nor was clinical disease found to be more common in spouses of rheumatoid subjects in a large survey of rheumatic complaints carried out earlier. A genetic cause of the increased familial incidence would thus seem more probable. If so, it would seem that at least two genes are involved.
Since clinical disease is two-and-a-half times as common in females as in males, it may be considered whether one gene is inherited as a sexlinked dominant on the X chromosome. If this were so, it would be passed by affected mothers equally to their sons or daughters but by affected fathers only to their daughters. In Stecher's (1953) series, there were 5 male propositi with affected fathers and this would appear to disprove such an inheritance.
The inheritance of the rheumatoid serum factor is by no means straightforward. Examination of the sheep-cell titre in a random sample of 2,119 persons aged 15 and over in Leigh and Wensleydale, by Dr. J. Ball, has revealed a striking relationship to age (Fig. 1) . In the 15-24 age group, only 1 % of the population had a positive test. With increasing age, the proportion of positives rose in stepwise fashion to a maxi- mum of I0 in males and 9 % in females in the 65-74 and 75+ age groups respectively. In a group of 100 Nigerian school children, whose sera, collected by Dr. B. S. Blumberg of the National Institute of Health, were examined in another context, no positives were encountered. It would appear, therefore, that the rheumatoid factor is not inherited as such, but results from some metabolic shift. In this, not only a genetic but also an environmental factor would seem to play a part, for it has been found that identical twins may show wide differences in titre.
It is unlikely that even the rheumatoid serum factor is controlled by a single gene, since the sheep-cell titre in population samples is a continuous variable (Kellgren and Lawrence, 1956) . Moreover, discrepancies are encountered between different serological tests for rheumatoid factor in the serum (Valkenberg and Ball, 1960) . The latex or bentonite test, for example, may be strongly positive in a patient with a negative sheep-cell agglutination test, and the reverse sometimes occurs.
Juvenile rheumatoid arthritis or Still's disease is less often associated with a positive sheep-cell agglutination test, the prevalence (Bywaters et al., 1958; Kellgren and Ball, 1959) varying from 13 to 400% at the first test. This may be simply an age effect or may mean that other aetiological factors play a part. In a single kindred of 3,000 persons in which rheumatoid arthritis, spondylitis and Still's disease occurred, Whittinghill et al. (1958) found that the 5 patients with Still's disease had, as close relatives, persons with spondylitis rather than with juvenile or adult rheumatoid arthritis. Precise details of the criteria used for the diagnosis of Still's disease in this study are not available, but the position is complicated by the fact that a transient attack of polyarthritis precedes the onset of spinal 31 symptoms in some 25 % of patients with spondylitis and that there may be a considerable interval between the polyarthritic and the spondylitic phase (Hollister and Engleman, 1958) . A number of other diseases are associated with a positive sheep-cell agglutination test. These include disseminate lupus erythematosus, systemic sclerosis, polyarteritis nodosa and digital arteritis. Though convincing evidence of the effects of heredity is lacking, it is likely that the genes concerned with the rheumatoid serum factor are also influential in this group, possibly in combination with other genes. In disseminate lupus erythematosus, for example, the occurrence of hypergammaglobulinmmia in other members of the family has been recorded by Leonhardt (1957) .
Osteoarthrosis
Heredity might be expected to influence osteoarthrosis in two ways: (I) By producing anatomical abnormalities of a certain joint, e.g. the hip which results in a mechanical predisposition.
(2) By a metabolic change resulting in the formation of a less resilient type of articular cartilage.
In the first group may be included congenital dislocation of the hip in which both genetic and environmental factors are known to play a part (Carter, 1957) and multiple epiphyseal dysplasia which is thought to be inherited as a dominant and in which the hips and knees are mainly affected by osteoarthrosis (Barrie et al., 1958) . Familial coxarthrosis in three generations of a family has been described by Boni (1959) . In two members of the fourth generation, trough-shaped defects were noted in the femoral heads. A rather similar family has been reported by Zinsli (1946) .
There is also evidence that Perthe's disease, a not uncommon precursor of osteoarthrosis of the hip, has a genetic basis (Goff, 1954) and also slipped epiphysis (Ruther, 1954) .
Generalized osteoarthrosis is encountered in two diseases already known to be genetically determined, gout and alkaptonuria, but neither of these offers any explanation for the majority of cases of generalized osteoarthrosis. That heredity may play a part in causation is suggested by the large proportion of those with generalized osteoarthrosis who have Heberden's nodes (Kellgren and Lawrence, 1958) . These nodes have been shown by Stecher (1955a, b) to be inherited as a single autosomal gene which is dominant in females and possibly recessive in males.
In a familial study of generalized osteoarthrosis in Leigh and Wensleydale, radiological appearances of osteoarthrosis in 4 or more types of joint were noted in 20 (24 %) of male relatives but in only 10% of males in the general population. Of the female relatives, 31 (32 %) had osteoarthrosis in 4 or more joints, but only 15 %/o of the general population of females. This could not be accounted for by differences in age distribution nor could occupation, though often "inherited", have been responsible as the occupational distribution was similar to that in the general population. It is clear, therefore, that there is a high familial incidence of the generalized forms of osteoarthrosis.
Of 23 spouses who were examined, 21 were in the 55-64 age group and all those with osteoarthrosis in 4 or more joints were in this age group. The proportion at this age was 33% which may be compared with 21 % and 31 % respectively in males and females in the population sample and 45 % and 50 % in the relatives in this age group. It may be concluded that the familial aggregation of multiple osteoarthrosis is in all probability genetically determined.
In view of the many possible causative factors in osteoarthrosis, it must be considered whether more than one gene is commonly involved. When the relatives were divided up according to the presence or absence of Heberden's nodes in the propositi, it was found that in the nodal families 25 % of females had moderate or severe Heberden's nodes, whereas in the non-nodal families, only 7 % had nodes. In a matched sample from the general population, there were 8 % with Heberden's nodes. None of these differences could be accounted for by age distribution. Male relatives in the nodal families did not have more nodes than the controls. Thus the inheritance of Heberden's nodes was confirmned in the females but not in the males. This is in conformance with Stecher's findings in which the male inheritance was less definite.
When osteoarthrosis in the nodal and nonnodal families was compared, the findings were quite different. Both in males and females there was just as much multiple osteoarthrosis in the non-nodal as in the nodal families. Indeed, the non-nodal families had rather more, but both had significantly more than the controls.
It would thus appear that, as in rheumatoid arthritis, more than one gene is-commonly involved in the inheritance of multiple osteoarthrosis. In view of the predominance in the female sex, it may be considered whether one allele is shared with rheumatoid arthritis.
An examination of the prevalence of rheumatoid arthritis in the nodal and non-nodal families and the controls indicated that this might be so. Clinical inflammatory polyarthritis was encountered in 9% of relatives but in only 4% of controls. The difference was even more striking when nodal and non-nodal families were considered separately, 14% of the non-nodal relatives having clinical polyarthritis, 22 % if only the females are considered. This difference is significant at the 1 % level.
If one gene is shared between rheumatoid arthritis and generalized osteoarthrosis, it is important to discover whether it is one of those concerned with the sheep-cell agglutinatioD test. In fact only 5 % of relatives had a positive sheepcell agglutination test compared with 6 % of controls. It is thus not the alleles associated with rheumatoid serum factor which are shared between the rheumatoid arthritis and osteoarthrosis families. This is confirmed by findings in the survey of rheumatoid families (Lawrence and Ball, 1958) . More multiple osteoarthrosis was found in the relatives of those with clinical rheumatoid arthritis than in the controls, but not in the relatives of those with a positive sheepcell agglutination test only.
Rheumatic Fever
A high familial incidence of rheumatic fever has been reported in a number of family studies (Draper, 1926; Fraser-Roberts and Thomson, 1934; Irvine-Jones, 1933; Stevenson and Cheeseman, 1952 ). There has, however, been some uncertainty as to whether this is due to heredity or to the spread of infection in families. Lawrence (1922) found nearly the same prevalence in the families of rheumatic and tuberculous subjects in whom the opportunity for the spread of infection might be thought to be similar. However, Wilson (1940) and Broccoliche-Foullet (1954) founid that in families in which both parents had had rheumatic fever, there was a greater incidence (94 %) in siblings, than in families with one affected parent (55 % of siblings affected) or in families with no parents affected (43 % of siblings affected). This is strongly suggestive of a recessive inheritance. Moreover, Rammelkamp et al. (1952) found that of patients with proven streptococcal infection, only 3 % develop rheumatic fever, suggesting that the constitutional factor is of major importance. Confirmation of the hereditary hypothesis has recently come from work on blood groups and group 0 secretor status in rheumatic fever subjects (Clarke et al., 1960) . Gout One of the first family studies to be made on a disorder involving connective tissue was by Scudamore (1823) who described an investigation in which detailed family histories were taken of patients with gout. These indicated a hereditary factor which was confirmed in 1938 by Talbott and Coombs who examined families of gouty patients and estimated the serum uric acid. Stecher et al. (1949) from a survey of 201 relatives of gouty patients concluded that hyperuricemia is an autosomal dominant with 84 % penetrance in the heterozygous male and 12 % in the female. This may well be the case but since serum uric acid in population samples is a continuous variable, giving a normal curve with a peak at 4 mg %, it is unlikely that a single autosomal dominant could be responsible and more probable that several autosomal dominant genes are involved.
Spondylitis
There is also some evidence of a genetic factor in spondylitis. Ray (1932) recorded the disease in twin brothers. Stecher and Hauser (1946) described 2 brothers suffering from the disease and cited 3 other instances in which more than 1 brother was affected. Other instances of the disease occurring in families have been reported by Campbell (1947), Rogoff and Freyberg (1949) , West (1949) , Mason (1950) and Tegner and Lloyd (1949) . Hersh et al. (1957) have compared 281 first degree relatives of spondylitics with 3,335 relatives of controls. Seven (2-5 %) of the spondylitics' relatives had spondylitis, compared with 6 (0-2 %) of controls. Stecher, from an analysis of these families, concluded that the condition is definitely inherited but not as a sex-linked character. He considers the condition an autosomal dominant and that the sex difference which exists is due to a higher penetrance in men.
Other Diseases
Evidence of a genetic factor has been observed in a number of other connective tissue disorders, particularly in diseases of bone such as Paget's disease (Roberts and Cohen, 1926; Brailsford, 1938; Gutman and Kasbach, 1936) , achondroplasia, Morquio's disease (Brailsford, 1929; Morquio, 1929) , pleonosteosis and osteopoikilosis, cleidocranial dysostosis and Albers-Schonberg disease. For details of these and many other heritable connective tissue disorders, McKusick's (1956) very comprehensive review should be consulted. Of the arthropathies not so far considered, psoriatic arthropathy is likely to have a genetic basis in view of the known importance of heredity in the skin lesions. A rare form of arthritis which may be familial is lipoid dermatoarthritis in which the joint condition is associated with a papular and nodular eruption (Warin et al., 1957) .
Conclusions
Heredity obviously plays an important part in disorders of connective tissue. This should not, however, make us despondent about their eventual control. Environmental factors are also important particularly in the more common diseases and may point the way to prevention. It may even be possible to control the genetic factors. It is probable that most if not all genetically determined diseases are due basically to metabolic defects which, if fully understood, could be controlled as in the case of phenylketonuria. Some such method may be the eventual answer to the successful control of rheumatoid arthritis and generalised osteoarthrosis.
